The anatomy of the normal fetal heart can be visualised using realtime two dimensional echocardiography from around the 16th week of gestation until term.1 2 During our continuing echocardiographic study for the prenatal detection of cardiac abnormalities it became apparent that it was also possible to record an M-mode echocardiogram. The M-mode allows the study of the pattern of motion of cardiac valves and wall movement. It allows clear definition of endocardial surfaces. These are difficult to define on a realtime frozen frame image which has been used by other authors for the acquisition of measurement data. ' Measurements can be more precisely timed within the cardiac cycle on the M-mode echocardiogram. Stan The M-mode echocardiogram was studied and measurements made only in normal pregnancies where no structural abnormality of the fetal heart was apparent. The fetal age was determined by biparietal diameter measurements made early in pregnancy, that is before 20 weeks gestation, when this measurement is the most reliable determinant of fetal age.3 Estimated gestational age by this means was felt to be the most useful correlate with cardiac measurements as the majority of our data lay between 16 and 28 weeks gestation. In this age range other fetal measurements such as derived fetal weight are less accurate.
Two dimensional echocardiographic identification of fetal cardiac chambers was performed initially. This is essential since it cannot be assumed that structures visualised closest to the transducer are anterior in the fetus. Nor can it be assumed that the fetus has a normal heart. Abnormalities of connections and relations must be excluded. Fortunately the unobstructed access to the fetal heart allows this to be accomplished using morphological criteria. The right ventricle is differentiated from the left by the coarser right ventricular trabeculations and the more apical insertion of the septal leaflet of the tricuspid valve. Fig. 1 shows a still frame demonstrating these features, the angulation of the tricuspid valve indicating its more apical septal insertion. This differentiating feature is seen more easily in the moving two dimensional image. The aorta is identified by showing its continuity from the left ventricle to the ascending aorta, aortic arch, and its branches. The pulmonary artery must be shown to connect the right ventricle to the ductus arteriosus. Thus, the aortic valve is differentiated from the pulmonary valve by identification of the arteries in which they reside. The entry of the systemic and pulmonary venous channels to the appropriate atria can also be seen. After the basic structure of the heart was established and cardiac normality identified the M-line was then directed through the valve or chamber to be studied.
The pulmonary and aortic valves and the foramen ovale flap were readily visualised directly and the M-line positioned through them. A suitable recording for measuring the ventricular chambers can only be obtained in the four chamber view if the M-line can be located perpendicular to the ventricular septum. This is only possible if the fetus lies with either shoulder towards the transducer. If the fetal position is unsuitable a short axis view of both ventricles should be obtained as seen in Fig. 2 . It is then possible to sweep from the atrioventricular valves down into the body of both ventricles to obtain a measurement of the minor axis of both ventricles.
The measurements made included the following.
AORTIC ROOT
The maximum dimension of the aortic root was measured only in an orientation when the aortic valve closure line could be seen as in Fig. 3 .
LEFT ATRIAL DIMENSION
The maximum dimension of the left atrium was measured. Since the apparent size of the left atrium is dependent on the orientation of the fetus, left atrial measurements were only made when there was no These measurements were taken from recordings made for ventricular dimension measurement and were made at the same point as that taken for enddiastolic dimension. Fig. 4 shows a suitable recording for measurement of right and left ventricular internal dimensions, and septal and posterior left ventricular wall thickness. All the measurements were made to the nearest 0-5 mm. No ventricular measurement was made when there was doubt concerning the definition of endocardial surfaces. The results were analysed statistically by regression analysis and 95% confidence limits were derived.
Left and right ventricular ejection times were measured by direct observation of the aortic and pulmonary valves when both opening and closure were adequately visualised. 
Results
These are divided into the descriptive echocardiographic data and the measurement data.
Allan, Joseph, Boyd, Campbell, Tynan ing ventricular systole. Opening again occurs and the cycle is then repeated with the sharp closure of atrial systole. Left atrial wall motion can also be seen in this recording. DESCRIPTIVE 
DATA
Arterial valve and foramen ovaleflap motion There are several echocardiographic sections in which the pulmonary or aortic valve may be visualised.2 Whichever orientation is used to perform the M-mode record the arterial valves appear the same; with a "box" shape in systole and sloping closure line often with what appears to be an "A" dip. Fig. 5 shows the pulmonary valve motion in a 19 week fetus. Below the M-mode trace the combined maternal and fetal electrocardiogram is recorded from midline external abdominal electrodes. Fig. 3 shows the familiar aortic valve "box" appearance in a 29 week fetus with the left atrium lying posteriorly. The echoes within the left atrium were shown on the two dimensional scan to originate from the foramen ovale flap. This has a characteristic biphasic movement throughout each cardiac cycle, seen more clearly in Fig. 6 . This pattern of motion was observed in every fetus studied. Closure, or approximation of the foramen ovale flap to the atrial septum, is related to atrial systole. The foramen ovale then opens and closes more gently dur- Atnioventricular valve and ventricular wall motion Fig. 7 shows the M-mode echocardiogram sweeping between both atrioventricular valves. The two atrioventricular valves are indistinguishable from each other by their M-mode appearance alone. Differentiation of the atrioventricular valves depends on the two dimensional identification of ventricular morphology as described in the Methods section. Some indication may be gained by looking at right ventricular wall motion which always appears to have a much more undulating pattern than the left ventricular wall in the normal fetus (Fig. 6) . In all the fetuses the ventricular septum moved towards the posterior left ventricular wall in systole. In addition, by sweeping up from the atrioventricular valves to the aorta, mitral-aortic continuity and tricuspid-aortic discontinuity can be shown. A mitral-aortic sweep is seen in Fig. 8 . Allan, J7oseph, Boyd, Campbell, Tynan leaflets where the two dimensional image may only show a moving valve which could be atretic. It can show the "box" shape in systole and sloping central closure line characteristic of both normal arterial valves. In the normal individual in postnatal life it is possible to distinguish the aortic from the pulmonary valve by their patterns of motion and by their systolic time intervals. In contrast, in the normal fetus this is not possible. The motion of both valves is indistinguishable and ejection times were similar for both aortic and pulmonary valves. Since the speed of the recordings was 50 mm/s minor differences cannot be excluded. Recording at faster speeds, however, provided tracings that were inadequate for interpretation. Notwithstanding this reservation it appears reasonable that aortic and pulmonary systolic time intervals should be similar, since both right and left ventricles are ejecting against similar resistances.
Similarly, the two atrioventricular valves are indistinguishable by M-mode alone and must be identified from their respective chamber. The pattern of their motion is the "M" shape seen mainly in the mitral valve in postnatal life. Septal motion is always towards the left ventricular wall in systole. Other authors3 have suggested a high incidence of paradoxical septal motion in fetal life. We have never seen this, however, in a normal fetal heart. Before 20 weeks gestation septal motion is flat but after this time it has the appearance seen in Fig. 8 .
The pattern of motion of the foramen ovale flap can be observed on M-mode. On the two dimensional scan it could be seen to move throughout the cardiac cycle but when recorded in M-mode this motion could Fig. 8 This shows a mitral-aortic sweep and shovs mitral-aortic and septal-aortic continutiy.
group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from be seen to be organised. The flap approximates to the atrial septum, or closes, twice during each cardiac cycle (Fig. 4) . This movement pattern is consistently recordable in every normal fetal heart. When this motion was timed with the fetal electrocardiogram In all the measurement data the best fit correlation between dimensions and gestational age was a straight line. Inability to detect a curvilinear relation may be because we are observing growth at its most rapid phase. It may be, however, that when more data have been accumulated in older fetuses the growth charts may need modification, but at present they give a good indication of normal dimensions and as such should be clinically useful.
Dimensional data obtained from normal fetuses should be valuable in the interpretation of abnormalities of the fetal heart. For example, if the right ventricle is larger than the left it is useful to know whether the right ventricle is dilated or the left ventricle is small for the gestational age. A single measurement out of step with the others, however, might lead one to suspect a structural cardiac abnormality. The growth charts shown here should not be used for gestational age dating as this is more accurately achieved by other means. They may, however, be useful in the more detailed study of the effects of growth retardation on the heart. In such cases all the measured variables might be expected to show a similar shift to the left. developing human fetus. 
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